Patients with CKD were more likely than patients without CKD to receive rHuEPO with hematocrit greater than 36% (22% vs 8%; PϽ.001). Monitoring of iron status was more common in patients with CKD than in those without CKD (64% vs 45%; PϽ.001). Almost one fourth (23%) of rHuEPO recipients in whom iron levels were measured had absolute iron deficiency (serum ferritin concentration Ͻ100 ng/mL). In patients with CKD, only about half (54%) had adequate iron stores at the time of rHuEPO administration; this rate was even lower in patients without CKD (33%; PϽ.001). Only 66% of patients with documented iron deficiency who were receiving rHuEPO also received concomitant iron supplementation; this rate did not differ between patients with or without CKD.
Conclusions:
There is significant variability in the degree of anemia, completeness of iron measurement, and use of iron supplementation in hospitalized patients without cancer who are prescribed rHuEPO. Our results identify potential targets for quality improvement in patients both with and without CKD.
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H U M A N R E C O M B I N A N T erythropoietin (rHuEPO)
is the most widely used biotechnology product, with important applications in a variety of clinical situations including treatment of anemia of chronic kidney disease (CKD), 1,2 chemotherapyassociated anemia, 3, 4 and anemia related to zidovudine therapy in patients infected with human immunodeficiency virus, 5 and preoperative administration to reduce allogeneic blood transfusions. 6 While rHuEPO is of enormous clinical importance, concern has emerged about its possible role in increasing thrombotic events and mortality if used excessively, especially if hematocrit becomes excessively high. [7] [8] [9] [10] [11] [12] Its use also has considerable economic importance. Medicare is the single largest payer of rHuEPO claims and spends more than $1 billion on rHuEPO therapy annually for patients with CKD alone. 13 More recently, rHuEPO therapy has been studied in anemic patients with congestive heart failure 14, 15 ; and its use has been studied in intensive care units. 16 Erythropoietin requires adequate iron stores for effective hematopoiesis. As many as 60% of patients with CKD who receive rHuEPO are unable to increase hemoglobin levels despite dose escalation, frequently because of absolute iron deficiency (serum ferritin concentration Ͻ100 ng/mL) 17, 18 or functional iron deficiency (iron saturation Ͻ20% with normal or elevated serum ferritin levels) in which iron stores are insufficient to support accelerated hematopoiesis. 19, 20 While rHuEPO is commonly used, little is known about prescribing patterns. The European Survey on Anemia Management found that in 41% of patients receiving renal replacement therapy, iron sta-tus was not monitored according to recommendations and that only one fifth of patients undergoing hemodialysis received any supplemental iron during a 6-month period. 21 Target hematocrit values for patients receiving rHuEPO are defined only for those with CKD; exceeding these values may be associated with increased costs 22 and mortality. 7, 8, 12, 23 Patterns of rHuEPO use in patients without CKD are not well described.
We designed the current analysis of all inpatient recipients of rHuEPO at a large academic medical center to define patterns of use in relation to underlying diagnoses, hematocrit values, and iron level management. We also studied differences between patients with and without CKD, hypothesizing that those with CKD would be more likely to receive rHuEPO with hematocrit values in the indicated range and appropriate monitoring and supplementation of iron.
METHODS
PATIENT SELECTION
We identified all patients admitted to an academic tertiary care medical center between April 1, 2000, and March 31, 2003, who had received at least 1 dose of rHuEPO (epoetin alfa; Epogen, Amgen Inc, Thousand Oaks. Calif, or Procrit, Ortho Biotech Products, Bridgewater, NJ). We collected data on patient age, sex, and race; comorbid conditions; and medication use. All unique patient identifiers were removed before analysis to protect patient privacy. Institutional review board approval was obtained for all aspects of this research.
Patients with a primary diagnosis of malignancy were excluded from analysis. The primary unit of analysis was the admission, and, accordingly, individual patients could contribute more than 1 admission to the data, provided each admission was associated with at least 1 dose of rHuEPO. If a patient received multiple doses of rHuEPO during an admission, the date of the first dose was used as the administration date. All routes of administration were included. Patients with primary or secondary ICD-9 (International Classification of Diseases, Ninth Revision) codes for end-stage renal disease or a CPT-4 (Current Procedural Terminology, Fouth Revision) code for renal replacement therapy for any admission were considered to have these diagnoses for all admissions included in the analysis. Patients with primary or secondary ICD-9 codes for chronic renal disease were considered to have CKD for all admissions included in the analysis. Table 1 lists the codes used to define these conditions.
LABORATORY TESTS
For every hospital admission, we defined the mean, maximum, minimum, and most recent hematocrit values in the 14 days before the first administration of rHuEPO therapy. To assess iron stores, we recorded the maximum, minimum, mean, and most recent values for serum iron, total iron binding capacity, and ferritin in the 90 days before the administration of rHuEPO therapy. Transferrin saturation (T SAT ) was calculated from the highest serum iron value divided by the lowest iron binding capacity in the 90 days before drug administration. We divided iron status into 3 categories: absolute iron deficiency (serum ferritin concentration of Ͻ100 ng/mL), indeterminate iron stores (T SAT Ͻ20% and serum ferritin concentration of Ͼ100 ng/mL), and adequate or replete iron stores (T SAT Ͼ20% and serum ferritin concentration of Ͼ100 ng/mL). For patients with CKD, we defined indeterminate iron stores as functional iron deficiency. For patients without CKD, this category is consistent with anemia of chronic disease. 24 While not all patients received outpatient care at the same facility, we assumed that patients with results documented for commonly performed outpatient laboratory tests received local ambulatory care. To study this, we obtained results for 13 additional laboratory tests (the levels of serum creatinine, rHuEPO, glycosolated hemoglobin, potassium, vitamin B 12 , folic acid, serum urea nitrogen, thyrotropin, and alanine aminotransferase; prostate-specific antigen concentration; platelet and white blood cell counts; and mean corpuscular volume) from the 90 days before the admission. All laboratory test results used for this analysis were available to the rHuEPO prescriber at the time of the initial drug order through the hospital electronic laboratory reporting system. 
IRON SUPPLEMENTATION
We identified all other medications used by patients given rHuEPO during the hospitalization and all forms of iron supplementation. Both oral and intravenous preparations were included. Use of any dosage was considered evidence of iron supplementation.
STATISTICAL ANALYSIS
Patterns of rHuEPO use were summarized as a function of hematocrit, presence and value of iron studies, and use of iron supplementation. Rates of iron monitoring and replacement and levels of iron and hematocrit were compared between patients with and without CKD using the Fisher exact test. All analyses were conducted using SAS for Windows software (SAS release 8.2; SAS Institute Inc, Cary, NC).
RESULTS
We identified 3094 admissions during which eligible patients received at least 1 dose of rHuEPO; 2443 admissions (79%) were primarily because of CKD ( Table 2) . These 3094 admissions involved 1360 unique patients. Their mean±SD age was 64±16.6 years; 50% were male, and 63% were white. The largest group of patients (866 [64%]) had CKD, and 454 (52%) of these patients underwent dialysis during at least 1 admission. Among patients admitted primarily because of CKD, the mean serum creatinine level was 6.7 mg/dL (592 µmol/L) compared with 2.1 mg/dL (186 µmol/L) in those admitted because of other causes. Hypertension, cardiac disease, and diabetes mellitus were common comorbidities. Figure 1 shows the availability of laboratory test results. The distribution of mean hematocrit values in recipients of rHuEPO therapy is given in Table 3 . For 2959 admissions, the hematocrit was available in the 14 days before the administration of rHuEPO. The mean hematocrit was less than 33% in 1792 patients (61%), greater than 36% in 553 (19%), and greater than 40% in 134 (5%). Figure 1 . Availability of laboratory data for the 3094 admissions included in the study. Of these admissions, hematocrit readings were available for 2959. Of these 2959 admissions, iron studies were available for 1860. Among the 1099 admissions without iron studies, 472 had other common outpatient laboratory tests performed during the study period, suggesting that laboratory monitoring was occurring but iron levels were not being checked. rHuEPO indicates human recombinant erythropoietin. In comparisons of patients with or without CKD, 56% of those with CKD had a hematocrit less than 33% while receiving rHuEPO therapy compared with 77% of those without CKD (PϽ.001). In 22% of patients with CKD, the hematocrit was greater than 36% while receiving rHuEPO therapy compared with only 8% of those without CKD (PϽ.001). Hematocrit exceeded 40% in 5% of patients with CKD and in 2% of patients without CKD.
HEMATOCRIT AND HEMOGLOBIN LEVEL
To avoid misclassification of patients with clinically significant anemia whose mean hematocrit might be spuriously elevated by an outlier result, we recalculated this distribution as a function of the lowest rather than the mean hematocrit value (Table 3) . By these criteria, 248 rHuEPO courses (8%) were administered in patients whose lowest hematocrit was greater than 36% in the 14 days before drug administration. Similar to the results for mean hematocrit (Table 2) , patients with CKD received rHuEPO despite hematocrit values greater than 36% about 2.5 times more frequently than patients without CKD (10% vs 4%; PϽ.001).
IRON STATUS
Serum ferritin concentrations or T SAT results were available for 1860 admissions in the 90 days before rHuEPO administration ( Table 4) . These tests were more common in patients with than without CKD (64% vs 45%; PϽ.001). Of the 1234 admissions in which T SAT or serum ferritin was not measured in the 90 days preceding rHuEPO use, 472 (38%) had other outpatient laboratory tests obtained in that same period. Among the 1860 patients with iron studies, nearly one fourth (435 [23%]) of rHuEPO orders were written for patients who had absolute iron deficiency. In admissions for patients with CKD who had iron studies, 721 (46%) had either absolute or functional iron deficiency at the time of rHuEPO use. Among 290 patients without CKD with iron tests, 111 (38%) had absolute iron deficiency, 82 (28%) had indeterminate iron stores (consistent with the anemia of chronic disease), and 97 (33%) had adequate iron stores. Figure 2A shows the distribution of mean hematocrit and iron status for all admissions with rHuEPO therapy. We examined patterns of rHuEPO administration separately for patients with CKD ( Figure 2B ) and without CKD ( Figure 2C ). The largest single group of rHuEPO recipients were anemic with adequate iron stores. However, substantial numbers of patients, both with and without CKD, had relatively normal hematocrits, inadequate iron stores, or both. As shown in Figure 2C , many patients without CKD with anemia had significant iron deficiency at the time of rHuEPO administration.
IRON SUPPLEMENTATION
Only half of rHuEPO administrations (1497/3094 [48%]) were accompanied by iron supplementation ( Table 5) ; this rate differed slightly between patients with and without CKD (47% vs 53%; P=.01). No iron studies were available for analysis in 513 patients who received iron supplementation. Even in patients with demonstrated iron deficiency, only two thirds received iron supplementation. The rate of iron supplementation in patients at all of the defined levels of iron saturation was similar regardless of CKD status.
COMMENT
To our knowledge, this is the first study documenting rHuEPO prescribing patterns in inpatients with and without CKD. Although more than half of the recipients receiving rHuEPO therapy had hematocrit values less than 33%, almost one fifth had recent mean hematocrit values greater than 36% before rHuEPO use, and 134 patients received the drug despite mean hematocrit values exceeding 40%. Patients with CKD were more likely to receive rHuEPO despite relatively high hematocrits; patients without CKD were likely to have more significant anemia. Laboratory testing of iron status was not consistently performed, and iron deficiency was often not appropriately treated. Iron saturation less than 20% or a serum ferritin concentration greater than 100 µg/L suggests functional iron deficiency in patients with CKD, in which iron administration might permit rHuEPO cessation or dose reduction. Almost half (46%) of the recipients with CKD who received rHuEPO therapy had either absolute or functional iron deficiency, and only 63% of these received iron supplementation. Iron supplementation rates increased with decreasing iron stores. Even so, one third of all patients with absolute iron deficiency did not receive iron therapy. In patients without CKD, absolute iron deficiency was present even more often, although rates of iron supplementation were the same at each level of iron deficiency.
These findings in patients with CKD are consistent with previously published data on patterns of rHuEPO use in other settings. The European Survey on Anemia Management reported that 15% to 22% of patients undergoing hemodialysis and 41% to 45% of those undergoing peritoneal dialysis had absolute iron deficiency (defined as a serum ferritin concentration of Ͻ100 µg/L). 21 In patients with iron deficiency, only 19% to 34% re- †Serum ferritin concentration of less than 100 ng/mL. ‡Serum ferritin concentration of greater than 100 ng/mL and iron saturation of less than 20%. P = .28 value not significant. §Serum ferritin concentration greater than 100 ng/mL and iron saturation of greater than 20%. WWW.ARCHINTERNMED.COM 843 ceived iron supplementation. Similar rates of iron supplementation in iron-deficient patients undergoing dialysis have been reported in the United States. 25 Patients without CKD composed a smaller fraction of recipients of rHuEPO therapy in our study; iron deficiency with inconsistent use of iron supplementation was a common problem in this population as well.
There are several potential explanations for our findings. Physicians prescribing rHuEPO may have been unaware of recommended target hematocrit. The Food and Drug Administration has set the target hematocrit for patients with CKD receiving rHuEPO therapy at 30% to 33%, and the National Kidney Foundation Dialysis Outcomes Quality Initiative recommends 30% to 36%. 18 Continuing treatment when a patient's hematocrit exceeds the target level may impose risk: in a study of patients with endstage renal disease and cardiac disease, rHuEPO administration with a goal hematocrit of 42% was associated with a trend toward increased mortality. 23 These findings are of particular concern in light of the early termination of the CHIOR (Correction of Hemogloblin and Outcomes in Renal Insufficiency) trial because of increased mortality in patients given rHuEPO with the goal of elevating the hematocrit above previously targeted levels. 7, 8, 12 Physicians caring for hospitalized patients may be reluctant to stop long-term outpatient therapies, but there may be circumstances when changes in therapy are warranted. We found higher rates of significant anemia in patients without CKD. Erythropoietin is heavily marketed to both patients and physicians, and our findings in the population without CKD may reflect rHuEPO prescribing for patients with anemic states without a specific indication for the drug (eg, anemia of chronic disease) or for conditions that may be more appropriately treated with other medications (eg, iron deficiency).
This analysis is subject to limitations that may affect its conclusions. Therapy with rHuEPO results in increased iron consumption, and it is possible that the iron deficiency in some recipients of rHuEPO was a result of prolonged rHuEPO therapy. However, iron deficiency was most common in patients with low hematocrits, which suggests that effective hematopoiesis was not the cause of iron loss. Our assessment of iron deficiency states was based only on iron saturation and serum ferritin concentrations. A serum ferritin concentration of less than 100 µg/L to define absolute iron deficiency is consistent with European and US guidelines. 18, 21 An iron saturation level less than 20% with a serum ferritin concentration greater than 100 µg/L in patients with CKD suggests functional iron deficiency, and according to National Kidney Foundation Dialysis Outcomes Quality Initiative guidelines warrants a trial of iron repletion before initiation of rHuEPO therapy. 18 Alternatively, these values may reflect the anemia of chronic disease that would not be expected to respond to iron supplementation. If anything, patients having an acute-phase reaction may have elevated serum ferritin concentrations, which would lead to underestimation of the prevalence of iron deficiency.
Hematocrit readings for a 14-day period that includes an acute-care hospitalization may significantly differ from average values for longer periods, inasmuch as dehydration, volume resuscitation, acute blood loss, dialysis, and transfusions may introduce variability in hematocrit measurements. Hemoglobin levels may reflect actual counts more reliably in these settings; however, our analysis did not differ substantially when calculated with hemoglobin values. Diagnoses recorded in the hospital computer system may not be completely accurate, so the true distribution of comorbidities may differ from those we recorded. Some of the admissions that we recorded as non-CKD may have included patients with milder forms of renal disease that were not recognized at the time; this is reflected in the modestly elevated mean creatinine level in these patients. We did not collect data on the indication for rHuEPO therapy or rHuEPO dosage, and could not differentiate long-term from newly initiated therapy. However, practice recommendations including aggressive iron replacement are relevant regardless of the duration of therapy or indication. Our data on iron supplementation in patients with end-stage renal disease undergoing dialysis may have failed to capture previous intravenous iron supplementation administered at outside dialysis facilities.
This work suggests multiple potential targets for improving the care of patients receiving rHuEPO therapy. As reflected by the limitations of our study, our data cannot provide definitive support for the following recommendations, but additional studies may further clarify the optimal approaches. Patients should have recent iron studies, and iron supplementation should be instituted before and in combination with rHuEPO therapy. Such measures will enable a more rapid hematopoietic response to rHuEPO and, potentially, a reduction in rHuEPO dosage or elimination of rHuEPO therapy entirely, which could have clinical and economic benefit. Uncomplicated iron deficiency anemia, particularly in patients older than 50 years, warrants a thorough evaluation for potential etiologies and iron supplementation rather than rHuEPO therapy. Iron saturation less than 20% in the setting of a normal or an elevated serum ferritin concentration, particularly in patients with CKD, indicates functional iron deficiency that may be responsive to iron supplementation; in patients without CKD, this suggests anemia of chronic disease best treated by addressing the underlying medical condition associated with the disruption of iron mobilization. Current trials are under way to further explore the benefit of higher target hematocrit, 26 but until such data are available, there is no evidence to support the administration of rHuEPO to patients with hematocrits greater than 40%, and emerging data suggest risk. 7, 8, 12 These findings point to potentially important targets for improved prescribing of rHuEPO in the inpatient setting for patients both with or without CKD. Replication of these analyses at other hospitals and in outpatient settings could provide important insights into how widespread these problems are. Follow-up studies measuring the effect of ongoing educational programs and guideline use will provide useful information for quality improvement efforts in other hospitals and health plans. 
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